The association of medullary thyroid carcinoma (MTC) and pheochromocytoma (PHEO) that we now recognize as multiple endocrine neoplasia type 2 (MEN2) (Fig. 1) was first reported by John Sipple in 1961 (Sipple 1961), but over 30 years passed before the cause of this inherited cancer syndrome was identified as mutations of the rearranged during transfection (RET) receptor tyrosine kinase (Donis-Keller et al. 1993 , Mulligan et al. 1993 . In the ensuing 25 years, RET mutation detection has changed our approaches to MEN2 risk prediction, diagnosis, management and treatment and has greatly improved disease outcomes and quality of life for patients and families with the disease. Moreover, advances in research and technology and better understanding of the disease are pushing the barrier toward earlier, less intensive, personalized care.
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The identification of activating RET point mutations as the cause of MEN2 represented a novel paradigm for the origins of hereditary cancers, which had previously been exclusively linked to tumor suppressors. As MEN2 mutations activate or enhance RET kinase function, there were relatively few unique mutations (Fig. 2) , which simplified detection and interpretation. This has led to our current abilities to predict disease course and optimize management based on the specific RET mutation observed (Wells et al. 2015) .
The current outlook of MEN2 clinical management, treatment and quality of care
In 'Advances in the management of MEN2', Samuel Wells provides an historical overview of the clinical description of MEN2 with its associated phenotypes and the development of genetic testing for RET point mutations that has further defined the disease subtypes, MEN2A and MEN2B (Wells 2018) . The review also provides an update on current standard-of-care management and treatment options in the context of these mutations, including recommendations on biochemical screening, early surgical intervention, chemotherapy and the future hope of cure or long-term stability of disease offered by new molecular targeted therapeutics (Wells 2018) . While Wells' review focuses on MTC in MEN2, Carole Guerin and coworkers elaborate on differences in phenotype of MEN2-associated PHEO and hyperparathyroidism compared to non-MEN2 familial forms with a discussion on changes to the clinical management of these conditions to improve patient quality of life (Guerin et al. 2018) . Frederic Castinetti and coworkers describe in detail the unique genetic and phenotypic manifestations of MEN2B, the most aggressive form of MEN2. In 'A comprehensive review of MEN2B' , they elaborate on the difficulties of early evaluations to recognize MEN2B and highlight current survival outcomes and optimal management for MEN2B patients.
Andreas Machens and Henning Dralle in 'Advances in risk-oriented surgery for multiple endocrine neoplasia type 2' dive into 25 years of longitudinal data on surgical treatment outcomes, within the framework of RET mutation genotype, to elaborate on the benefits and risks of current surgical interventions (Machens & Dralle 2018) . Looking forward, they discuss the synergistic value of RET mutation genotyping, coupled with cellular biomarker screenings to determine the optimal surgical 'window of opportunity' to attenuate the potential risks associated with surgical treatments. In addition to surgical management, MEN2 has provided an ideal opportunity for precision medicine interventions using tyrosine kinase inhibitors to block RET activity. The current clinical use of previously developed and re-directed smallmolecule multi-kinase inhibitors, such as vandetanib and cabozantinib, in patients with advanced or metastatic MTC, has prolonged progression-free survival and stable disease, most notably for patients with the more aggressive MEN2B phenotype (Redaelli et al. 2018 , Wells 2018 ). Yet, the poor efficacy and safety risks associated with off-target effects of these therapeutics leave much to be improved. In 'Novel targeted therapeutics for MEN2', Sara Redaelli and coworkers discuss the burgeoning growth in development or repositioning of novel RET-specific smallmolecule therapeutics currently in preclinical testing or early clinical trials (Redaelli et al. 2018) . They also provide us with a glimpse of new drugs on the horizon from recent patent filings and discuss the development of combinatorial therapeutic strategies using standard chemotherapy with tyrosine kinase inhibitors or the addition of these inhibitors as second-or even third-line therapies in RET-associated cancers.
In 'Patient quality of life and prognosis in multiple endocrine neoplasia type 2', Joanna Grey and Kym Winter offer us a thoughtful and personal view of how these changes in our ability to manage MEN2 are affecting patients, their families and their care providers (Grey & Winter 2018) . They provide fascinating insight on the breadth of symptoms experienced by MEN2 patients and offer recommendations to better address patient needs by improving access to psychosocial support with molecular testing and clinical management to improve overall MEN2 patient health. 
Perspectives from the bench
Molecular and genetic analyses have identified both activating and inactivating RET mutations associated with a range of human pathologies (Mulligan 2014) . In 'Structure and function of RET in multiple endocrine neoplasia type 2', Ivan Plaza-Menacho elegantly details advances in RET structural biology that have provided insight into the molecular mechanisms of action of these mutations and how they may contribute to aberrant RET function in MEN2 and other RET-associated diseases (PlazaMenacho 2018). The current structural and molecular understanding of the RET ATP-binding and kinase domains and RET ligand-binding sequences, as well as the complexes formed by RET interactions with its ligands and co-receptors are of particular interest as we look to the next generation of RET-targeted therapeutics including small-molecule peptide mimetic inhibitors and synthetic blocking antibodies. Moving to preclinical evaluations, powerful murine models for RET have shown us how RET contributes to tumorigenesis and have been valuable tools in characterizing and validating RET-targeted agents (Wiedemann & Pellegata 2016 , Vitale et al. 2017 . However, Tirtha Das and Ross Cagan also make a strong plea for the complementary value of 'Non-mammalian models of multiple endocrine neoplasia type 2', and their contribution to the understanding of RET function (Das & Cagan 2018) . They provide a comprehensive discussion of the use of zebrafish and drosophila models to dissect RET signaling pathways and as important in vivo tools for screening novel therapeutics and studying their efficacy and mechanism of action.
While research and therapeutic strategies have historically focused on the cancer cell itself, the review by Maria Castellone and Rosa Melillo beautifully describes how MEN2 RET mutations can influence the behavior of tumor-associated stromal and immune cells that, in turn, can modulate the behavior of the tumour (Castellone & Melillo 2018) . In 'RET-mediated modulation of tumor microenvironment and immune response in multiple endocrine neoplasia type 2', they dissect the complex mixture of cellular and non-cellular components that make up the MTC tumor microenvironment. They provide insight into the transcriptional programs and secretory responses that contribute to recruitment of stromal and immune cells and de-differentiation of cells for tumor tissue remodeling and highlight how these influence tumor-associated inflammation and cancer cell epithelial-to-mesenchymal transition that in turn promotes tumor spread. As the promise of immunotherapy for many cancers becomes recognized, the use of combination therapeutic options, including RET-targeted inhibitors coupled to immune checkpoint modulators, has exciting potential as future treatment for patients with advanced MTC.
The net widens: RET in other pathologies
RET's role in MTC has been well described in the past 25 years. However, as new technologies and screening methods improve our abilities to look more deeply into the genome, the contributions of RET to other pathologies are emerging. RET gene rearrangements that result in a constitutively active kinase have been well characterized in papillary thyroid carcinoma, and more recently in lung and peritoneal tumors (Flavin et al. 2009 , Romei et al. 2016 . Similar RET rearrangements have been found, albeit less frequently, in colon tumors and chronic myelomonocytic leukemia, while increased RET expression in general is associated with malignant phenotypes in a variety of cancers, including carcinomas of the pancreas and breast (Mulligan 2014 , Romei et al. 2016 . These findings have greatly expanded the patient populations that may benefit from RET-targeted therapies, and preclinical and early clinical trials of RET inhibition in these contexts are already underway (Redaelli et al. 2018) .
RET loss of function mutations are found in familial forms of Hirschsprung disease, a congenital disorder of gut development (Plaza-Menacho 2018) and in patients with congenital abnormalities of the kidney and urinary tract (CAKUT) (Chatterjee et al. 2012) . Recent research has also suggested that loss of RET-mediated signaling is linked to neuron degeneration and may play a role in late-onset Parkinson's disease (Drinkut et al. 2016) . Together, these disparate roles suggests that use of targeted interventions for RET may need to be carefully modulated to maximize therapeutic value while minimizing the deleterious effects of RET inhibition on normal neural tissues (Requejo et al. 2017) .
The next 25 years
It has been 25 years since the identification of RET mutations in MEN2. This issue touches on some of the many advances in understanding of the mechanisms of RET-mediated oncogenesis, which have led to enormous improvements in management of the disease, in essentially one generation. MEN2 truly represents a paradigm for precision medicine; changing patient care from the genetics of detection, through the use of
